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Foreword 

This Ethiopian Standard has been prepared under the direction of the Technical Committee for Animal 
and vegetables fats and oils (TC 23) and published by the Ethiopian Standards Agency (ESA). 

The standard is identical with ISO 11701: 2009 Vegetable fats and oils -Determination of 
phospholipids content in lecithins by HPLC using a light-Scattering detector 
published by International Organization for Standardization (ISO). 

For the purpose of this Ethiopian Standard, the adopted text shall be modified as follows. 

• The phrase "International Standard" shall be read as "Ethiopian Standard"; and 

• A full stop (.) shall substitute comma (,) as decimal marker. 



ETHIOPIAN STANDARD ES 180 11701:2012 



Vegetable fats and oils — Determination of phospholipids 
content in lecithins by HPLC using a light-scattering detector 



1 Scope 

This International Standard specifies a method for the quantitative determination of phospholipids content by 
high performance liquid chromatography (HPLC) using a diol column and a light-scattering detector. 

The method is applicable to crude, oil-containing lecithins, and to oil-free lecithins and lecithin fractions from 
vegetable fats and oils. 

The method is not applicable to animal and ruminant lecithins and enzymatically hydrolysed lecithins as the 
peak separation of lysophosphatidylethanolamine (LPE), lysophosphatidyiinositoi (LP!) and lysophosphatidic 
acid (LPA) is insufficient. 



2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 661 , Animal and vegetable fats and oils — Preparation of test sample 



3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 

content of an individual phospholipid 

mass fraction of A/-acyl-phosphatidylethanolamine (A/-acyl-PE) or phosphatidylcholine (PC) or 
phosphatidylethanolamine (PE) or phosphatidylinositol (PI) or phosphatidic acid (PA) or 
lysophosphatidylcholine (LPC), determined in accordance with the method specified in this International 
Standard 

NOTE The content is expressed in grams per 100 g, numerically equal to a percentage mass fraction. 

4 Principle 

The individual phospholipids are separated by HPLC using a diol column and a light-scattering detector. For 
the purpose of quantification, a certified reference mixture is used. 
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5 Reagents 

WARNING — Comply with any local regulations which specify the handling of hazardous substances. 
Technical, organizational and personal safety measures shall be followed. 

During the analysis, uniess otinerwise stated, use only reagents of recognized analytical grade. 

5.1 Water, HPLC grade. 

5.2 n-Hexane, HPLC grade. 

5.3 2-Propanol, HPLC grade. 

5.4 Acetic acid, w^-^^, 99,8 % mass fraction. 

5.5 Triethylamine. 

5.6 Solvent mixture: A mixture of 80 ml n-hexane (5.2) and 20 ml 2-propanol (5.3) (volume fraction 
^=80 ml/100 ml for n-hexane and ^=20 ml/100 ml for 2-propanol) is used to dissolve the standards and 
sample. 

5.7 Reference substance (external standard) ILPS-LE01''), mixed soy phospholipid reference standard, 
is a certified reference mixture with defined contents of /V-acyl-PE, PA, PE, PC, PI, and LPC. 

5.8 Mobile phase for the HPLC. 

5.8.1 Eluent A. Mix 814,2 ml of n-hexane (5.2), 170,0 ml of 2-propanol (5.3), 15 ml of acetic acid (5.4), and 
0,8 ml of triethylamine (5.5) (volume fraction (p= 81,42 ml/100 ml for n-hexane, (p= 17,00 ml/100 ml for 2- 
propanol, g)= 1 ,50 ml/1 00 ml for acetic acid, and ^ = 0,08 ml/1 00 ml for triethylamine). 

In order to obtain a reproducible eluent composition, it is recommended that the solvents be weighed out 
taking into account their densities. For a batch size of 2,5 I: 1 341,4 g of n-hexane, 331,5 g of 2-propanol, 
39,4 g of acetic acid, and 1 ,45 g (2,0 ml) of triethylamine. 

5.8.2 Eluent B. Mix 844,2 ml of 2-propanol (5.3), 140 ml of water (5.1), 15,0 ml of acetic acid (5.4) and 
0,8 ml of triethylamine (5.5) (volume fraction (p= 84,42 ml/1 00ml for 2-propanol, (p= 14,00 ml/100 ml for water, 
^= 1,50 ml/100 ml for acetic acid and ^= 0,08 ml/100 ml for triethylamine). 

In order to obtain a reproducible eluent composition, it is recommended that the solvents be weighed out 
taking into account their densities. For a batch size of 2,5 I: 1 646,2 g of 2-propanol, 350,0 g of water, 39,4 g 
of acetic acid and 1 ,45 g (2,0 ml) of triethylamine. 

6 Apparatus 

6.1 Analytical balance, capable of being read to the nearest 0,000 1 g. 

6.2 HPLC basic equipment with gradient system and light-scattering detector. 

6.3 HPLC column oven, adjustable to 55 °C. 

6.4 Degasser or similar equipment for degassing the eluent. 



1) ILPS-LE01 is the trade name of a product supplied by the International Lecithin and Phospholipid Society. This 
information is given for the convenience of users of this International Standard and does not constitute an endorsement by 
ISO of the product named. Equivalent products may be used if they can be shown to lead to comparable results. 
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6.5 HPLC column (250 mm x 4,0 mm) with pre-column (20 mm x 4,0 mm) packed with spherical 
microparticles (5 |jm) of diol-bounded silica, e.g. LiChrospher lOOdiol (5 |jm)2). The age and history of the 
column, the packaging of the column filling material and the temperature may influence the separation. 

6.6 One-mark volumetric flasks, of capacities 50 ml, 100 ml and 2 500 ml, ISO 10421''] class A. 

6.7 Microlitre syringe, of capacity 25 |jl, graduated in microlitres. 

6.8 Filter for filtering the external standard and test sample solutions, e.g. Millex HV^). 

6.9 Integration system. 

7 Sampling 

A representative sample should have been sent to the laboratory. It should not have been damaged or 
changed during transport or storage. 

Sampling is not part of the method specified in this International Standard. A recommended sampling method 
is given in ISO 555512]. 

8 Preparation of test sample 

See ISO 661. 

The sample is heated to a maximum of 60 °C to soften it (overheating shall be avoided) and then 
homogenized by vigorous stirring. 

9 Procedure 

9.1 Preparation of standard reference solutions and test portions 

9.1.1 Standard reference solutions R-|, R2, and R3 

Prepare three different standard reference solutions. For this purpose, accurately weigh out in three different 
100 ml one-mark volumetric flasks approximately 550 mg, 850 mg and 1 150 mg of the certified reference 
mixture (5.7), dissolve in the solvent mixture (5.6) and make up to the mark with the same solvent. 

Filter (6.8) the standard reference solutions before injection into the HPLC. 

9.1.2 Test sample solutions and test portions 

Weigh, to the nearest 0,001 g, 425 mg of the sample in the case of crude lecithin or 255 mg of the sample in 
the case of deoiled or fractionated lecithin into separate 50 ml one-mark volumetric flasks, dissolve in solvent 
mixture (5.6) and make up to the mark with the same solvent. 

Filter (6.8) the test sample solutions before drawing test portions S^g ^'^^ ^^b ^''^'^ them. 



2) LiChrospher 100 diol is the trade name of a product supplied by Merck. This information is given for the convenience 
of users of this International Standard and does not constitute an endorsement by ISO of the product named. Equivalent 
products may be used if they can be shown to lead to the same results. 

3) Example of a suitable product available commercially. This information is given for the convenience of users of this 
International Standard and does not constitute an endorsement by ISO of this product. 
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9.2 HPLC analysis 

Adjust the working conditions in the equipment using the test sampies and reference sampies in order to get a 
separation according to the chromatogram in Figure A.1. Optimize the separation profiie, depending on the 
type of coiumn and gradient. The foiiowing conditions are recommended (see Tabie 1 ): 



— Temperature of the oven: 

— Sensitivity of the detector: 

— Temperature of the detector: 

— Pressure of the detector: 

— Fiow: 

— Fiow for coiumn rinsing: 



55 °C 

5 to 6 

50 °C 

0,20 MPa (2,0 bar) 

1,0 ml/min 

2,0 ml/min 



Table 1 - 


- Gradient programme for HPLC 


Time 

min 


Eluent A 

% 


Eluent B 

% 


Flow 

ml/min 


0,0 


95 


5 


1,0 


5,0 


80 


20 


1,0 


8,5 


60 


40 


1,0 


15,0 





100 


1,0 


17,5 





100 


1,0 


17,6 


95 


5 


1,0 


21,0 


95 


5 


1,0 


22,0 


95 


5 


2,0 


27,0 


95 


5 


2,0 


29,0 


95 


5 


1,0 



9.3 Calibration 

Use 20 [i\ injection volumes for calculation of the linear regression lines and for determination of the test 
sample. Plot peak area against concentration to obtain a calibration curve. 



NOTE Liglit-scattering detectors are not linear over the whole range (S-shaped calibration curves) 

concentrations of the standard reference solutions have been chosen to be in the linear range. 



The 



The following analysis sequence is recommended for the quantitative determination of phospholipids: R-i, R2, 
R3 (one injection each), Sia, Sib (test portions drawn from the test sample, two injections each), Ri, R2, R3 
(one injection each). 

9.4 Determination 

Inject 20 |jl of the test sample solution into the HPLC and register the peak areas. Identify the peaks by 
comparing the retention times of the substance in the chromatograms of the standard reference solutions and 
the test portions (see Figure A.1). 
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10 Calculation and expression of results 

Use the calibration curve to caicuiate tine individuai content of phosphoiipids (see 9.3). Three calibration points 
shall have lower concentrations and three calibration points shall have higher concentrations compared to the 
sample. Solutions R-|, R2, and R3 (9.1.1) are diluted depending on the sample to obtain the six calibration 
points. 

The mass fraction, w,-, in grams per 100 g of the test sample, of the individual phospholipid is given by: 

w,.=— 2^x100 
m 

where 

ffZpj is the mass, in milligrams, of the individual phospholipid determined from the calibration curve; 

m is the mass, in milligrams, of the test sample (9.1 .2). 
Express the result to one decimal place. 

1 1 Precision of the method 

11.1 Interlaboratory test 

Details of an interlaboratory test on the precision of the method are summarized in Annex B. The values 
derived from this interlaboratory test may not be applicable to concentration ranges and matrices other than 
those given. 

11.2 Repeatability 

The repeatability limit, r, is the value less than or equal to which the absolute difference between two final 
values, each of them representing a series of test results, obtained under repeatability conditions, is expected 
to be with a probability of 95 %. 

Repeatability conditions are those under which test results are obtained with the same method, on identical 
test material, in the same laboratory, by the same operator, using the same equipment and reagents, within a 
short interval of time. 

11.3 Reproducibility 

The reproducibility limit, R, is the value less than or equal to which the absolute difference between two test 
final values, each of them representing a series of test results, obtained under reproducibility conditions, is 
expected to be with a probability of 95 %. 

Reproducibility conditions are defined as conditions under which test results are obtained with the same 
method, on identical test material, in different laboratories, by different operators, using different equipment 
and reagents, within a short interval of time. 
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12 Test report 

This test report shall contain at least the following information: 

a) all information necessary for the complete identification of the sample; 

b) the sampling method used, if known; 

c) the test method used, with reference to this International Standard; 

d) all operating details not specified in this International Standard, or regarded as optional, together with 
details of any incidents which may have influenced the test result(s); 

e) the test result(s) obtained, or, if the repeatability has been checked, the final quoted result obtained. 
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Annex A 

(informative) 

HPLC chromatogram 
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Figure A.1 — HPLC chromatogram of phospholipids of crude native soya lecithin 
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Annex B 

(informative) 

Results of an interlaboratory test 



The precision of the method is the result of an interlaboratory study organized by the International Lecithin and 
Phospholipid Society (ILPS) on an international basis. The study was carried out in 1996 on three samples. 
The results obtained were subjected to statistical analysis in accordance with ISO 5725-1^1 and ISO 5725-2[^] 
to give the precision data shown in Tables B.1 to B.6. 

Table B.I — Summary of statistical results of A/-acyl-phosphatidylethanolamine (A/-acyl-PE) 



Parameter 


San 

A: crude 
soya lecithin 


iple 

B: crude 
soya lecithin 


Number of participating laboratories, N 


10 


11 


Number of laboratories retained after eliminating outliers, n 


8 


8 


Number of individual test results of all laboratories on each sample, z 


4 


4 


Mean value, w , % mass fraction 


1,52 


1,59 


Repeatability standard deviation, s^ 


0,04 


0,05 


Repeatability coefficient of variation, C(^ ^, % 


2,3 


3,2 


Repeatability limit, r (= s^ x 2,8) 


0,10 


0,14 


Reproducibility standard deviation, .v^ 


0,11 


0,20 


Reproducibility coefficient of variation, C^, r, % 


7,2 


12,6 


Reproducibility limit, R{= srX 2,8) 


0,30 


0,55 



Table B.2 — Summary of statistical results of phosphatidic acid (PA) 



Parameter 


San 

A: crude 
soya lecithin 


iple 

B: crude 
soya lecithin 


Number of participating laboratories, TV 


12 


12 


Number of laboratories retained after eliminating outliers, n 


11 


10 


Number of individual test results of all laboratories on each sample, z 


4 


4 


Mean value, w , % mass fraction 


4,67 


6,23 


Repeatability standard deviation, s^ 


0,17 


0,20 


Repeatability coefficient of variation, Cy^ ^, % 


3,6 


3,4 


Repeatability limit, r (= ^ x 2,8) 


0,46 


0,57 


Reproducibility standard deviation, sr 


0,24 


1,17 


Reproducibility coefficient of variation, Cy_ r, % 


4,6 


18,8 


Reproducibility limit, R (= s^ x 2,8) 


0,67 


3,28 
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Table B.3 — Summary of statistical results of phosphatidylethanolamine (PE) 



Parameter 


Sample 

A: crude B: crude 
soya lecithin soya lecithin 


Number of participating laboratories, jV 


12 


12 


Number of laboratories retained after eliminating outliers, n 


9 


10 


Number of individual test results of all laboratories on each sample, z 


4 


4 


Mean value, w, % mass fraction 


11,74 


12,14 


Repeatability standard deviation, Sr 


0,17 


0,21 


Repeatability coefficient of variation, Cy ^, % 


1,5 


1,7 


Repeatability limit, r (= s,. x 2,8) 


0,47 


0,59 


Reproducibility standard deviation, s^ 


0,34 


0,37 


Reproducibility coefficient of variation, Cy, r, % 


2,9 


3,0 


Reproducibility limit, R (= .v^ x 2,8) 


0,94 


1,03 



Table B.4 — Summary of statistical results of phosphatidylcholine (PC) 



Parameter 


A: crude 

soya 
lecithin 


Sample 

B: crude 

soya 
lecithin 


C: PC 
fraction 
of soya 
lecithin 


Number of participating laboratories, N 

Number of laboratories retained after eliminating outliers, n 

Number of individual test results of all laboratories on each 
sample, z 


12 
11 

4 


12 
11 

4 


13 
12 

4 


Mean value, w, % mass fraction 


14,70 


13,45 


94,70 


Repeatability standard deviation, s^ 
Repeatability coefficient of variation, Cy ^, % 
Repeatability limit, r (= s,. x 2,8) 


0,25 
1,7 
0,69 


0,27 
2,0 
0,76 


1,01 

1,1 
2,28 


Reproducibility standard deviation, sr 
Reproducibility coefficient of variation, Cy r, % 
Reproducibility limit, R (= sj^ x 2,8) 


0,46 
3,1 
1,28 


0,46 
3,4 
1,28 


2,14 
2,3 
6,00 
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Table B.5 — Summary of statistical results of phosphatidylinositol (PI) 



Parameter 


Sample 

A: crude B: crude 
soya lecithin soya lecithin 


Number of participating laboratories, N 


12 


12 


Number of laboratories retained after eliminating outliers, n 


11 


11 


Number of individual test results of all laboratories on each sample, z 


4 


4 


Mean value, w , % mass fraction 


9,36 


9,87 


Repeatability standard deviation, s^ 


0,17 


0,20 


Repeatability coefficient of variation, Cy ^, % 


1,8 


2,0 


Repeatability limit, r (= ^ x 2,8) 


0,48 


0,56 


Reproducibility standard deviation, ^^ 


0,30 


0,33 


Reproducibility coefficient of variation, Cy^ ^, % 


3,2 


3,4 


Reproducibility limit, R (= s^ x 2,8) 


0,83 


0,93 



Table B.6 — Summary of statistical results of lysophosphatidylcholine (LPC) 



Parameter 


San 

A: crude 
soya lecithin 


iple 

B: crude 
soya lecithin 


Number of participating laboratories, TV 


11 


12 


Number of laboratories retained after eliminating outliers, n 


10 


7 


Number of individual test results of all laboratories on each sample, z 


4 


4 


Mean value, w , % mass fraction 


0,71 


0,46 


Repeatability standard deviation, s,. 


0,06 


0,03 


Repeatability coefficient of variation, Cy ^, % 


8,5 


7,0 


Repeatability limit, r (= s^ x 2,8) 


0,17 


0,09 


Reproducibility standard deviation, sn 


0,15 


0,11 


Reproducibility coefficient of variation, Cy r, % 


20,9 


23,9 


Reproducibility limit, R (= .v^ x 2,8) 


0,41 


0,32 



10 
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Organization and Objectives 

The Ethiopian Standards Agency (ESA) is the national standards body of Ethiopia 
established in 2010 based on regulation No. 1 93/20 lO.ESA is established due to the 
restructuring of Quality and Standards Authority of Ethiopia (QSAE)^which was 
established in 1970. 





ESA 's objectives are:- 



♦ Develop Ethiopian standards and establish a system that enable to 
check weather goods and services are in compliance with the 
required standards, 

♦ Facilitate the country's technology transfer through the use of 
standards, 

♦ Develop national standards for local products and services so as to 
make them competitive in the international market. 

Ethiopian Standards ^^^ 

The Ethiopian Standards are developed by national technical committees which are 
composed of different stakeholders consisting of educational Institutions, research 
institutes, government organizations, certification, inspection, and testing 
organizations, regulatory bodies, consumer association etc. The requirements and/ 
or recommendations contained in Ethiopian Standards are consensus based that 
reflects the interest of the TC representatives and also of comments received from 
the public and other sources. Ethiopian Standards are approved by the National 
Standardization Council and are kept under continuous review after publication and 
updated regularly to take account of latest scientific and technological changes. 
Orders for all Ethiopian Standards, International Standard and ASTM standards, 
including electronic versions, should be addressed to the Documentation and 
Publication Team at the Head office and Branch (Liaisons) offices. A catalogue of 
Ethiopian Standards is also available freely and can be accessed in from our 
website. 



V 



ESA has the copyright of all its publications. No part of these publications may be 
reproduced in any form without the prior permission in writing of ESA. 
International Involvement 

ESA, representing Ethiopia, is a member of the International Organization for 
Standardization (ISO), and Codex Alimentarius Commission (CODEX). It also 
maintains close working relations with the international Electro-technical 
Commission (lEC) and American Society for Testing and Materials (ASTM).It is a 
founding member of the African Regional Organization for standardization 
(ARSO). 



More Information ? 
Contact us at tite following address. 

The Head Office of ESA is at Addis Ababa. 

Son- 646 06 85, Oil- 646 05 65 
^011-646 08 80 
El 2310 Addis Ababa, Ethiopia 
E-mail: info@ethiostandards. org. 
Website: www.ethiostandards.org 
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